Abstract Two distinct Cambrian magmatic pulses are recognized in the Ossa-Morena Zone (SW Iberia): an early rift-(ER) and a main rift-related event.
Introduction
The Ossa-Morena Zone (OMZ) (SW Iberia) contains a well-preserved geological record of the protracted evolutionary history of the North Gondwana margin in Ediacaran-Early Cambrian times Eguíluz et al. 2000; Sánchez-García et al. 2003 Pereira and Quesada 2006; Pereira et al. , 2011 Linnemann et al. 2008) . This period of time is marked by the late stage of the evolution of a Cadomian magmatic arc and related backarc basins (ca. 590-545 Ma), followed by the onset of the Cambrian rifting and widespread sedimentation and magmatism , that led to the opening of the Rheic Ocean (Nance et al. 2002 (Nance et al. , 2010 Pereira and Quesada 2006; Murphy et al. 2006; Sánchez-García et al. 2008a; Pereira et al. 2012a, b) . The Cambrian rifting event was separated into two magmatic pulses: (1) an early rift-related igneous event (ER) comprising felsic peraluminous magmatism associated with the development of core complexes in medium-to-upper crust levels at ca. 535-515 Ma, and (2) a main rift-related igneous event (RR), which produced a bimodal association of mafic (basalt) and felsic (rhyolite) rocks with minor amounts of intermediate (trachytoid) members at ca. 515-490 Ma (Sánchez-García et al. 2003 , 2008a Chichorro et al. 2008) .
This contribution deals with a topic that was the subject of research of D. Keppie in the last decades, i.e., the timescale of tectonic processes of the circum-Atlantic orogens connected to the complex assembly of the Gondwanan supercontinent. In the Western segment of the European Variscan orogen, SW Iberia includes the OssaMorena Zone that represents a peri-Gondwanan terrane involved in the accretion of magmatic arcs to the margin of North Gondwana during the Ediacaran. Later, in Early Cambrian times, the end of the arc magmatism led, through a transient process, to intra-continental rift-related magmatism. During the last decade, our research group has worked on the stratigraphic, structural and magmatic features of the ER magmatic pulse (Quesada 2006; Sánchez-García et al. 2003 , 2008a , b, 2010 Pereira et al. , 2011 Pereira and Quesada 2006, Chichorro et al. 2008 ). We present new geochemical and geochronological data that improve the database of granitoids from the OMZ hosted by Ediacaran metamorphic rocks ( Fig. 1 and provide a better understanding of the Early Cambrian calcalkaline magmatism during a transient change of tectonic setting in the Cadomian margin of Gondwana.
Geological setting
In Ediacaran times, the tectonic setting of North Gondwana was marked by a period of magmatic arcs growth and their accretion to a continental margin (Cadomian orogeny; Quesada 1991; Nance et al. 2002; Sánchez-García et al. 2003 , 2008a Murphy et al. 2006; Pereira and Quesada 2006; Pereira et al. , 2008 Pereira et al. , 2011 Pereira et al. , 2012a . The progressive decrease in the development of magmatic arcs and their accretion to the continental margin during the Ediacaran was followed by an Early Cambrian, the intracontinental rifting. This rifting process was responsible for the strong denudation of the North Gondwana Cadomian margin and for extensive crustal thinning with separation into subsiding and more stable sedimentary basins (Liñán and Quesada 1990; Linnemann et al. 2008; Sánchez-García et al. 2003 , 2008a , b, 2010 . The most plausible mechanism to cause the cessation of subduction and the onset of an extensional setting was probably the oblique collision of an ocean spreading ridge with the existing trench in the North Gondwana margin during the arc growth stage. Another alternative could have been the impingement of a mantle plume (Sánchez-García et al. 2003 , 2008a or the slab break-off (Nance et al. 2010 ) beneath the North Gondwana margin.
The arrival of large volumes of magma began with felsic and peraluminous magmatism during the Early Cambrian and marks the Early Rifting magmatic pulse. This magmatic pulse is represented by volcanism and plutonism and is coeval with widespread siliciclastic sedimentation unconformable over sedimentary and volcanic rocks of Ediacaran age (Série Negra succession) (Liñán 1978; Liñán and Quesada 1990) . The fossil content of the siliciclastic sequence indicates an Early Cambrian age (Cordubian period, Liñán et al. 2002 , and references therein). The underlying Ediacaran succession was deformed and metamorphosed before the deposition of the Early Cambrian materials and the intrusion of the Early Cambrian granites (Pereira and Quesada 2006; . However, there are no radiometric data that establish the exact age of these different events. The materials deposited in the Early Cambrian basins are mainly felsic volcanic rocks and conglomerates, arkoses, sandstones and mudstones. The Early Cambrian sedimentary and volcanic rocks were deformed under low-grade metamorphic conditions during the Variscan orogeny in Carboniferous times (Sánchez-García et al. 2003 , 2008a , b, 2010 Pereira et al. , 2011 .
Field relationships, petrography and ages
This work is focused on five plutons from the OMZ located at south of the Coimbra-Córdoba shear zone, in Portugal (Barreiros and Barquete granitoids) and in Spain (Calera, Salvatierra de los Barros and Tablada granitoids). All of them are intrusive into the previously deformed and metamorphosed (Cadomian orogeny) Ediacaran Série Negra succession (see Fig. 1 for location). The foliation of these granitoids is the result of the Carboniferous deformation and metamorphism (Variscan orogeny; Quesada 1991).
Barreiros tonalite-granite pluton
The Barreiros tonalite-granite pluton is an elongated body (26 km long and 2.5 km wide) located north-east of Monforte and Alter do Chao in Portugal (Fig. 1) . This pluton includes centimetre-scale mafic microgranular enclaves and centimetre to metre-scale xenoliths of metamorphic rocks from the Série Negra succession. Locally, it is intruded by leucogranite dykes. The intrusion shows contact metamorphism with recrystallization accompanied by newly formed mica in the host rocks along the intrusive contact. In outcrop, these granitoids are similar to the Fig. 1 Geological sketch map of the Ossa-Morena Zone (OMZ in insert) modified after Gonçalves (1970 Gonçalves ( , 1971 ; Gonçalves and Fernandes (1973) ; Gonçalves et al. (1972 Gonçalves et al. ( , 1975 Gonçalves et al. ( , 1978 ; Oliveira (1984 Oliveira ( , 1992 ; Pereira (1999); and Pereira and Silva (2002) and after the geological map compilation of the Ossa-Morena Zone in Spain (Quesada and Sánchez-García 2002) . The inset shows the map of western Europe with the location of studied area Salvatierra de los Barros intrusion in Spain and later described in this section. The common facies are biotiterich, grey coloured, medium-grained size and locally containing sparse feldspar phenocrysts. The texture is hypidiomorphic, sometimes porphyritic (Fig. 2a) . The main minerals are quartz, biotite, plagioclase and K-feldspar; K-feldspar can be absent in the mafic varieties. Accessory minerals may include apatite, titanite, zircon, amphibole and allanite, depending on the rock composition. Locally, the Barreiros granitoids show a foliation defined by stretched and polygonized quartz and biotite.
Barquete granite pluton
The Barquete granite pluton is a 9.6 km long and 2 km wide massif located south-west of Assumar in Portugal (Fig. 1) . This intrusion includes metre-scale xenoliths of metamorphic rocks from the Série Negra succession . The Barquete granites are foliated and have a light colour and a coarse to fine-grained hypidiomorphic texture (Fig. 2b) and apatite as accessory/secondary minerals. Ribbons of recrystallized quartz grains together with aligned biotite crystals define the subsolidus tectonic foliation. Petrographically, these rocks are very similar to the Tablada granitoids later described in this section. The Barquete pluton contains highly differentiated granites, including sodium-and potassium-rich varieties. It shows a weak contact metamorphism producing mica recrystallization. The Barquete granite has a reported age of 526 ± 4 Ma with zircon inheritance between ca. 0.61 and 2.4 Ga (U-Pb SHRIMP; Pereira et al. 2011 , Table 1 ).
Calera granite pluton
The Calera granite pluton is an elongated massif (9.6 km long and 2 km wide) located in Calera de León north-west of the locality of Monesterio in Spain (Fig. 1) . This pluton intrudes the Série Negra succession and shows a weak contact metamorphism characterized by mica recrystallization. These plutonic rocks are pink coloured, fine grained, biotite-rich granites. Leucocratic facies occur at the border of the pluton or as cross-cutting dykes. The texture of these granites is hypidiomorphic and the main minerals are quartz, K-feldspar, plagioclase and biotite. Fluorite, opaque minerals, zircon and titanite are accessory minerals (Fig. 2c) . A solid-state overprint is defined by fractured feldspar grains, quartz with undulose extinction, formation of subgrains and quartz ribbons with dynamic recrystallization. Biotite, usually, is transformed into chlorite and muscovite aggregates. The Calera granite has zircon evaporation age of 524 ± 4 Ma (Salman 2004 , Table 1 ).
Salvatierra de los Barros granite-monzogranite pluton
The Salvatierra de los Barros granite-monzogranite pluton is an elongated massif (15 km long and 6 km wide) located near Salvatierra de los Barros within the OlivenzaMonesterio Antiform in Spain (Fig. 1 ). This pluton intrudes into the Série Negra succession showing sharp contacts. Locally, the contact with the host rock shows mottled textures, evidencing contact metamorphism. These biotite-rich granitoids are light grey coloured, mediumcoarse-grained size. The pluton includes scarce small (centimetre-scale) microgranular mafic enclaves and xenoliths of metamorphic rocks from the Série Negra succession, and it is intruded by leucogranite, aplite and mafic dykes. The Salvatierra de los Barros granites are composed of quartz, plagioclase, biotite and K-feldspar, with apatite, zircon, allanite, garnet, opaques and cordierite as accessory minerals. They have hypidiomorphic texture, but in places, the texture can be porphyritic or micrographic (Fig. 2d) . A solid-state overprint is marked by quartz grains showing undulose extinction, subgrains and ribbons. The age of this rock is constrained by seven monazite fractions with an U-Pb upper intercept age of 516.2 ?9/-3 Ma (see Ochsner 1993; Table 1 ).
Tablada leucogranite pluton
The Tablada leucogranite pluton is 11 km long and 6.1 km wide. It is located near Valencia del Ventoso in Spain and is intruded by a late Variscan pluton (Fig. 1) . The Tablada leucogranite intrudes the Série Negra succession. It includes centimetre-scale xenoliths of metasedimentary rocks and shows a weak contact metamorphism with biotite and muscovite recrystallization along the southern contact and developing, and local spotted textures in the northern contact. These leucogranites are coarse to fine grained with a whitish colour and host small pegmatoid vugs and dykes. The major minerals are quartz, muscovite, plagioclase and K-feldspar, with minor amounts of biotite, apatite, zircon garnet and allanite (Fig. 2e) . These leucogranites have a hypidiomorphic texture that locally develops a mylonitic Cala porphyry 530 ± 3 SHRIMP, Zircon, U-Pb Romeo et al. (2006) Alcaçovas orthogneiss 526 ± 9.9 SHRIMP, Zircon, U-Pb Chichorro et al. (2011) Int J Earth Sci (Geol Rundsch) (2014) 103:1203-1218 1207 foliation with deformed quartz showing undulose extinction and subgrains. Locally, K-feldspar is absent due to superimposed albitization. The age of crystallization of the Tablada leucogranite was estimated at 512 ?8/-5 Ma, based on monazite and xenotime upper intercept ages (Ochsner 1993 , Table 1 ).
Whole-rock geochemistry: major and trace elements
The whole-rock geochemical results of nineteen samples from these Early Cambrian granitoids of the OMZ are listed in Table 2 : Barreiros granite-tonalite pluton (4 samples: S41, S42, S43, S44), Barquete granite pluton (2 samples: S45, S46), Calera granite pluton (3 samples: S47, S48, S49), Salvatierra de los Barros granite-monzogranite pluton (5 samples: S50, S51, S52, S53, S54) and Tablada leucogranite pluton (5 samples: S55, S56, S57, S58, S59).
These new results will be compared with the existing database of the Early Cambrian magmatism of the OMZ (shaded grey areas in the diagrams; Sánchez-García et al. 2003 , 2008a , b, 2010 Bellido Mulas et al. 2007 ). The whole-rock geochemical data, major and trace elements, are listed in Table 2 . Details of the analytical methods used (XRF, AAS and ICPMS), including sample preparation and limits of detection, are reported in the Appendix. In the Pearce(1996) modified Nb/Y-Zr/TiO 2 classification diagram of Winchester and Floyd (1977) , the Barreiros, Barquete, Salvatierra de los Barros, Calera and Tablada granitoids are plotted between the subalkaline and alkaline fields (Fig. 3a) . They range in composition from granite to tonalite (79.01 \ SiO 2 \ 61.25), although granite is the dominant composition (Table 2) . Most samples plot in the subalkaline field, but two of them (Tablada leucogranites and Barquete granites) have a Nb/Y ratios greater than 1, which suggests an alkaline affinity and a possible deeper crustal/mantle source. Most of the studied samples plot in the calc-alkaline field in the AFM diagram (Irvine and Baragar 1971) and are silica oversaturated (quartz normative). These granitoids are mainly peraluminous (Aluminium Saturation Index ASI, Barreiros = 1.06; ASI Barquete = 1.09; ASI Calera = 1.03; ASI Salvatierra de los Barros = 1.09; ASI Tablada = 1.18). Only some Barreiros mafic granitoids are weakly aluminium undersaturated. It should be noted that Variscan metamorphism may have caused variations in Na/K ratios in some of these rocks and also in content of the more mobile elements.
The REE patterns are similar, but some differences are observed among the five plutons (Fig. 3b) . All granitoids show low REE contents with a slightly higher degree of LREE fractionation (average La n /Sm n = 2.38) than HREE (average Gd n /Yb n = 1.12) and exhibit negative Eu-anomalies (average Eu/Eu* = 0.45). These results suggest crustal sources for their parental magmas. Two samples show a slight positive slope with greater enrichment in HREE than LREE that could suggest a previously depleted crustal source or the previous fractionation of LREE-enriched accessory phases (Fig. 3b) . These magmatic rocks also exhibit negative Nb, Sr and Ti anomalies (Fig. 2c) , with an average Nb/Th = 1.7, Nb/Y = 0.6 and Zr/ Th = 12.5. Their Nb contents (average = 9.1 ppm; max = 15.0 ppm; min = 5.2 ppm) are close to the bulk continental crust values (BCC; Rudnick and Gao 2004) . The depletion of Ti, Nb and Sr could be due to the presence of rutile and plagioclase in the restitic materials or simply reflect inheritance from a typical crustal source, relatively depleted in these elements. The Sr contents (average = 109.1 ppm; max = 370.8 ppm; min = 7.7 ppm) also resemble those of the BBC (Rudnick and Gao 2004) , although there are a few samples with low values (see Table 2 ). The positive Zr anomaly (Fig. 3c ) also supports a continental crustal source.
In the Ga/Al-Zr tectonic discrimination diagram of Whalen et al. (1987) (Fig. 3e) , most of the granitoids plot in the orogenic field. However, all the samples of Calera granite pluton and some samples of the Barreiros and Salvatierra de los Barros plutons fall in the anorogenic field. Most of these anomalous samples also project outside the orogenic field in Y-Nb diagram of Pearce et al. (1984) (Fig. 3d) .
Sm-Nd and Rb-Sr isotopes
The new Sm-Nd and Rb-Sr isotopic data were obtained from four samples, which are representative of the Early Cambrian, ER granitoids of the OMZ: the Barreiros granite (S41), the Calera granite pluton(S47), the Salvatierra de los Barros granite-monzogranite pluton(S50) and the Tablada leucogranite pluton (S56). The analytical methods are reported in the Supplementary Section, while the Sm-Nd results are listed in Table 3 , along with initial epsilon values and T DM model ages, calculated by using the model of DePaolo (1981) ( Table 4) .
The Barreiros, Salvatierra de los Barros and Tablada granitoids show moderately negative initial eNd values ranging from -3.6 to -1.8, while the Calera granite has a very slightly positive value (?0.1) (Fig. 4) . No correlation is observed between eNd t and content of SiO 2 or La/Yb, La/Sm, La/Nb or Th/Nb ratios. These mildly non-radiogenic to ''neutral'' isotope signatures imply derivation from average source materials that were only slightly enriched in Nd relative to Sm on a time-integrated basis. In other words, relatively young crustal materials were involved, and/or juvenile sources (with relatively low Nd/Sm ratios) played a significant role in the genesis of these rocks. This (Winchester and Floyd (1977) modified by Pearce (1996) . B Chondrite-normalized REE patterns (normalizing values from Taylor and McLennan (1985) . c Spider-diagram normalized to primitive mantle of Palme and O'Neill (2004) . d YNb tectonic environment discriminant diagram of Pearce et al. (1984) .
WPG within plate granites, ORG ocean ridge granites, VAG ? syn-COLG, volcanic arc granites and syncollisional granites. e Tectonic discriminant diagram (Zr vs. 10 4 Ga/Al of Whalen et al. (1987) . I&S-types orogenic granite types, A-type Anorogenic granite types. Shaded areas field of previously published data from the same petrological unit (Sánchez-García et al. 2003 , b, 2010 147Sm/144Nd = 0.127, and taking into account its youngest model age of 1.3 Ga), these samples show very high 147Sm/144Nd ratios (0.16-0.18), suggesting that significant Sm/Nd fractionation occurred during magma genesis and evolution, which would indicate the separation of a LREE-enriched phase. This deviation from the simple twostage evolution implied in the calculation of samariumneodymium model ages leads us to consider the very old ([2 Ga) T DM model ages as spurious and was devoid of any geological significance.
These results are broadly similar to those exhibited by the volcanic rocks related with the Early Rifting event (see Sánchez-García et al. 2010 
Rb-Sr
With the exception of the Calera granite, with a very high Rb/Sr ratio, and which suffered obvious late-stage disturbance (as shown by the very low age-corrected 87 Sr/ 86 Sr ratio), the granitoids give weakly radiogenic initial values (from 0.7040 in Barreiros to 0.7059 and 0.7060 in Tablada and Salvatierra de los Barros, respectively), negatively correlated with initial epsilon Nd values. Assuming that these relatively low initial Sr isotope signatures were not modified by late-stage disturbance, they would indicate relatively juvenile source materials, as also suggested by Z, zircon, number of crystals; med., medium (100-20 lm); lar., large (120-180 lm); pr., euhedral prisms (1:3 width/length ratio); s.xtl., single crystal ([180 lm). All fractions were chemically abraded [CA technique; Mattinson (2005) ]. * Ratio corrected for mass fractionation (0.11 ± 0.02 % AMU Pb; 0.10 ± 0.02 % AMU U), spike contribution and analytical blank (6 pg Pb; 0.1 pg U). The other isotopic ratios are also corrected for initial common Pb after the model of Stacey and Kramers (1975) . Rho, error correlation coefficient of the Table 3 . Shaded area field of previously published data from the same petrological unit the low Rb/Sr ratios, suggestive of mafic to intermediate sources.
Overall, the Sr-Nd radiogenic isotope data suggest that the parental magmas of the ER granitoids were extracted from source reservoirs that contained an important component of relatively young, mafic to intermediate rocks.
ID-TIMS zircon U-Pb geochronology
A sample of biotite-rich granite from the Barreiros granitetonalite pluton was crushed and powdered, and zircon concentrates were obtained at the University of É vora (Portugal). The zircons for analysis were hand-picked and were subjected to chemical abrasion (CA; Mattinson 2005) before ID-TIMS analysed at the IGME laboratory in Tres Cantos (Spain) (See the additional items for analytical technique description).
The zircons selected for the analysis correspond to euhedral prisms and fragments of prisms with the G1-P1 morphology of Pupin (1980) (Fig. 5) . The length/width ratio is approximately 3:1 for the large stubby crystals and 5:1 for the medium-sized crystals (ca. 200 microns long). The crystals selected for analysis had inclusions running through their cores, which would suggest syn-magmatic reequilibration of the core and outer zones of the crystal (Fig. 5) . This strategy was used to avoid the presence of older inherited cores.
Four zircon fractions were analysed. Three of them plot on concordia at ca. 525 Ma (Early Cambrian). Another one is slightly younger, with a small reverse discordia, but overlaps within analytical uncertainty with the other three fractions. These four fractions provide a ''concordia'' age of 524.7 ± 0.8 Ma (Early Cambrian; n = 4; MSWD = 0.1), which is considered the age of zircon crystallization and the best estimate for the age of granite intrusion (Fig. 6 ).
Discussion

Age of plutonism
The new Early Cambrian CA ID-TIMS U-Pb zircon age (ca. 525 Ma; Fig. 6 ) for the Barreiros granite-tonalite pluton is consistent with other ages obtained from the Early Cambrian magmatism of the OMZ. It provides more accuracy for the time interval proposed in Sánchez-García et al. (2008a) and Chichorro et al. (2008) and a relevant update of the geochronological information in the geological map of Portugal. It reinforces the relevance of Early Rifting plutonism in the OMZ. The age of the Barreiros granite-tonalite pluton overlaps within error with other U-Pb ages previously obtained by other authors (Table 1) : (1) the Monesterio anatectic granodiorite (527 ? 10/-7 Ma (xenotime), Ochsner 1993; 533±8 Ma (zircon), Ordóñez Casado 1998); (2) the porphyritic leucogranite (niosome) of Mina Afortunada migmatitic dome (532 ± 4 Ma (zircon) and 515 ? 9/-7 Ma (monazite), Sánchez-García et al. 2008a) ; (3) the Cala porphyry (530 ± 3 Ma (zircon), Romeo et al. 2006) ; (4) the Alcaçovas orthogenesis (526 ± 9.9 Ma (zircon), Chichorro et al. 2008) ; and (5) the Barquete granite (526 ± 4 Ma (zircon), Pereira et al. 2011) . Traditionally, this felsic Early Cambrian magmatism has been related, in the OMZ, to the late stages of the Cadomian orogeny (late extensional collapse; e.g., Sánchez Carretero et al. 1990; Quesada 1990 Quesada , 1991 Quesada , 1997 Bandrés et al. 2002 Bandrés et al. , 2004 . However, ca. 530-515 Ma radiometric ages (Table 1 and Table 4 Int J Earth Sci (Geol Rundsch) (2014) 103:1203-1218 1213 references therein) of this magmatic record are younger than the basal siliciclastic sedimentary series of the unconformably overlying rift sequence (Sánchez-García et al. 2003 ) and the basal volcanic sequences of Bodonal (530 ± 3 Ma; UPb Romeo et al. 2006) . Thus, the Early Cambrian plutonism took place after the final convergence of the Cadomian arcs in the North Gondwana margin. These Early Cambrian plutonic rocks formed as a consequence of an extensive partial melting produced in the lower and middle crust, triggered by the massive underplating of mantle-derived magmas probably in relation to the initiation of an intracontinental rifting (Sánchez-García et al. 2008a .
Evidence for the interaction of continental supracrustal versus subcrustal sources or mantle sources
The Barreiros, Salvatierra de los Barros, Tablada and Calera plutonic rocks are silica oversaturated, peraluminous, and show calc-alkaline affinity. The chemical variation from tonalite to granite is probably a function of the amount of restitic material entrained from their source and of their degree of crystal fractionation. The high-grade metamorphism and partial melting processes that took place in the Early Cambrian were possibly related with the generation of magmas that produced these granitoids. The Early Cambrian high T-metamorphism and extensive migmatization are well exposed in the Monesterio and Mina Afortunada migmatite complexes. The Nd model ages older than the emplacement age and the Th/Nb ratios close to the upper continental crust values suggest a dominant continental crust source, albeit of rather juvenile character. The transition to alkaline character of some samples of the Barreiros, Tablada and Barquete plutons can be interpreted to be due to the participation of deeper crustal source materials in their parental magmas. This group of samples is probably the result of the evolution of their hybrid parental magmas dominated by feldspar fractionation during the Early Cambrian times (Sánchez-García et al. 2010) . eNd values of almost all the studied samples are negative and relatively low, except for the Calera pluton that is slightly positive. These values reflect the hybrid character of the parental magmas, suggesting a mixture of supracrustal and infracrustal materials. The influence of an infracrustal component is especially noticeable in the Calera pluton (according to Salman 2004) and to a lesser extent in the Barreiros pluton. All the geochemical characteristics outlined above suggest that these granitoids were mainly derived from the melting of an upper continental crustal source, although they also show some features that may indicate some lower crust or mantle contribution for some of them (Calera and Barreiros granitoids).Most of the samples of the Early Cambrian granitoids (this study) fall in the orogenic field, although some of them are plotted in the ocean ridge granites (ORG) field (Fig. 3d) . This result is consistent with previous published data ( Sánchez-García et al. 2003 , 2008a , but it is somewhat in disagreement with the interpreted anorogenic setting for the Early Cambrian times. The obtained orogenic character and calc-alkaline affinity of most of the Early Cambrian granitoids are interpreted to be the result of inheritance. We can suggest that the orogenic signature of these granitoids was probably inherited from crustal materials derived from subduction-related igneous rocks that formed during the development of Cadomian arcs (Sánchez-García et al. 2010; Nance et al. 2010; Linnemann et al. 2008; Pereira et al. 2011 Pereira et al. , 2012a . This inheritance may explain the apparent contradiction between the synorogenic character, inferred from geochemical features, and the intra-continental rifting environment (extensional/ anorogenic setting) where they formed.
Transient change of tectonic setting in the North Gondwana margin
As reported before, the Early Cambrian magmatism of the OMZ has been traditionally considered to be related to the final pulses of the Cadomian orogeny (Sánchez Carretero et al. 1990; Ochsner 1993; Eguiluz et al. 1995; Ordóñez Casado 1998) . Our data indicate that the Early Cambrian plutonic rocks of the OMZ intrude the Ediacaran Série Negra succession that represents back-arc basins along the Cadomian margin in the North Gondwana (Cadomian orogeny). These Early Cambrian granitoids have felsic to intermediate compositions with peraluminous to metaluminous calc-alkaline signature, and an orogenic affinity. However, the linkage between the geochemical signature and geodynamic setting is misleading and may possibly be explained as an inherited legacy from their protoliths (Cadomian basement). On the other hand, some samples also show a transition to alkaline compositions (Tablada leucogranite; Fig. 3a ) and anorogenic affinities (Calera and Barreiros granitoids; Fig. 3e ).
The involvement of continental crust in the generation of the Early Cambrian magmas in the OMZ can be framed within the onset of the intra-continental rifting. The geochemical variability of the Early Cambrian granitoids showing a dominant calc-alkaline and supposed orogenic signature together with magmas with alkaline composition and anorogenic signature can be explained by: (1) the extensive partial melting of the Cadomian basement (having an orogenic signature) and (2) the interaction of crustal-and mantle-derived magmas from an advanced stage of rifting.
The transition from active to passive setting in the northern Gondwana margin has also been documented by Slama et al. (2008) in Tepla-Barrandian unit in the Bohemian Massif where an important 520-510 Ma intrusive pulse with I-type granitoids and gabbros has been documented by Zulauf et al. (1997) and Dörr et al. (1998 Dörr et al. ( , 2002 . However, the lack of detailed geochemical and isotopic data from the Tepla-Barradian granitoids (see, Pin et al. 2007 ) precludes a clear link with the coeval granitoids in the Ossa-Morena Zone. Geochemical similarities can be established with the Orlica -Ś nie_ znik orthogneisses Massif (Bohemian Massif; e.g., Pin et al. 2007) with eNd values between -6.4 and -3.5. However, these metamorphosed peraluminous granitoids have protolith ages of ca. 500 Ma, which are coeval with the Cambro-Ordovician main riftrelated magmatism in the OMZ. This might reflect the diachronism of rift-related magmatism that occurred in the North Gondwana margin during the Early Palaeozoic as revealed by Linnemann et al. (2008) in their comparison of Saxo-Thuringian and Ossa-Morena Zones. This diachronous cessation of arc magmatism and development of a continental transform margin in the formation of the Rheic Ocean was already shown by Murphy and Nance (1989) , Nance et al. (2012) .
The orogenic and calc-alkaline signature of the OMZ magmatism is represented: (1) in the Ediacaran back-arc basins that resulted from the denudation of the Cadomian and Pan-African magmatic arcs developed during the convergent setting of the North Gondwana margin, and (2) in the plutons and volcanism coeval with strong subsidence and inundation of the North Gondwana margin during the onset of an intra-continental rifting in the Early Cambrian times (Sánchez-García et al. 2003 , 2008a Pereira et al. 2011 ).
Conclusions
The outstanding conclusions of this study are as follows:
1. The precise ID-TIMS U-Pb age of 525 ± 1 Ma (Early Cambrian) measured for the Barreiros granite: (1) reinforces the relevance of the Early Cambrian plutonism associated with the initiation of intra-continental rifting according to the model previously discussed by the authors (Sánchez-García et al. 2003 , 2008a , b, 2010 Chichorro et al. 2008; Pereira et al. 2011) ; (2) constrains the age of the deformation and metamorphism developed in the Ediacaran Série Negra host sedimentary and volcanic rocks (Cadomian basement) before the intrusion of granites; and (3) defines more precisely the time interval that characterizes the transition from the Ediacaran convergent setting to the Early Cambrian intra-continental rifting in the OMZ (North Gondwana margin). 2. The geochemical features of the Early Cambrian granitoids of the OMZ suggests: (1) low rate of melting of materials mainly derived from the upper continental crust and (2) that the involvement of mantle melts in the parent magmas and their subsequent fractionation could be responsible for the presence of some granitoids showing anorogenic and alkaline (e.g. Calera pluton) affinities and more primitive isotopic signatures (e.g. Tablada and Barreiros plutons). 3. The orogenic signature of the Early Cambrian magmatism of the OMZ is probably inherited from the Cadomian/Pan-African basement source materials and, to a certain extent, from mantle melts participation. 4. The Early Cambrian magmatism of the OMZ reflects a transient change of tectonic setting in the North Gondwana margin. This change involves an initial stage of convergent margin with the development of magmatic arcs and back-arc basins during the Ediacaran, passing to a later stage of intra-continental rifting, dominated by a drastic crustal thinning, the onset of core complexes and coeval compartmentalization of the upper crust into subsiding and more stable Early Cambrian sedimentary basins.
